Purpose: Arterial media calcification (AMC) is often the only vascular calcification (VC) present in young patients with chronic renal failure and its presence is associated with higher mortality rates. Currently, X-ray imaging (as a standard approach) is able to show AMC in areas without diffuse overlapping arterial intimal calcification (AIC), but X-ray imaging only allows us to identify this lesion when the vessel is widely calcified. The aim of this study was to evaluate the possibility of using ultrasonography as opposed to X-rays to visualize AMC in patients with chronic renal failure. Patients and Methods: In this cross-sectional study, we examined 105 patients (chronic kidney disease stage IV: 19 patients, hemodialysis: 48 patients, renal transplant: 26 patients; mean age: 54 ± 14 years; 65 males and 40 females); B-mode ultrasonography was performed to detect AMC or AIC on the superficial femoral artery (SFA). As a control, plain radiography of the thigh was performed in all patients. Results: Upon ultrasonography investigation, 12 subjects were excluded due to diffuse VC on the SFA that did not permit a distinction between AMC and AIC. In the remaining 93 patients, AMC was detected on the SFA in 43 patients using ultrasonography and in 20 patients using the standard approach. The sensitivity and specificity of the standard approach for the detection of AMC on the SFA were 47 and 100%, respectively. The positive and negative predictive values of the standard approach were 1 and 0.68, respectively. Conclusion: Ultrasonography is able to detect AMC better than the X-ray approach, focusing on individuals at higher risk.
Introduction
Vascular calcification (VC) increases the risk of cardiovascular mortality in subjects with chronic renal failure [1, 2] . There are 2 types of VC: arterial intimal calcification (AIC) and arterial media calcification (AMC). The first type is associated with stenosis and/or obstruction of the vessel, while the second type is associated with arterial stiffness, increased pulse pressure and cardiac overload. At the present time, most devices employed to study VC take advantage of electron beam computed tomography (CT) and multislice spiral CT, which allow the physician to assess the development of VC via a quantitative calcium score over time, but do not allow the distinction between intimal and medial calcification [1, 2] . However, the primary disadvantages of such techniques are the high risk of radiation exposure for patients [3] and the high cost. Furthermore, the technology can only be employed in specialized medical centers which are not physically capable of providing services to the majority of subjects affected by chronic renal failure. However, the use of non-invasive alternative techniques such as ultrasonography, echocardiography and radiology is highly recommended.
Several studies have been performed to detect VC [1, 2, 4] and AIC [5] [6] [7] [8] [9] . However, only a few reports have investigated AMC [7] [8] [9] , which is the most common type of arterial calcification in young patients on dialysis [10, 11] and in patients with diabetes [9] . Currently, radiology modalities are the only imaging methods that can be used to distinguish between intima and media calcification in non-overlapping areas of vessels. Recently, however, ultrasonography has also been used for this purpose [12, 13] . Ultrasonography is widely available in nephrology units permitting to evaluate the development of VC patients affected by chronic kidney disease (CKD).
The aim of our study was to evaluate the presence of AMC using B-mode ultrasonography as opposed to X-rays and to evaluate the factors associated with the presence of AMC in patients with chronic renal failure.
Patients and Methods

Patients
In this cross-sectional study, we investigated 105 patients with chronic renal failure (mean age: 54 ± 14 years; 65 males and 40 females); 19 of the 105 patients had CKD (stage IV), 57 were undergoing treatment with chronic hemodialysis and 29 had undergone a renal transplant.
Ultrasonography and X-Ray Imaging
B-mode ultrasonography (Toshiba Corevision SSA-350A) with a linear transducer (7.5 MHz) was performed to detect intimal or medial calcification on the superficial femoral artery (SFA). The SFA was investigated from the origin to the inferior third of the thigh to identify the presence of AIC, determined by the presence of a hyperechoic lesion >50% larger than the neighboring site of the arterial wall with shadowing [5, 6] , and to detect AMC in segments without plaque. We considered significant AMC, if the vessel displayed hyperechoic linear deposition in the intima-media thickness [12] . Deposits were considered as either moderate (spots or isolated segments) or severe (more segments).
As a control, plain radiography of the thigh was performed in all patients, and the presence of the 'railroad track' sign was considered a positive sign of AMC [7] [8] [9] . Ultrasonography and X-ray imaging were independently evaluated by A.M. and L.P., who were both blinded to the clinical data.
Statistical Analysis
For categorical variables, we calculated the frequencies and percentages to describe the distribution of the study population's characteristics; in this case, we performed the χ 2 test to evaluate differences in the frequency distribution between the AMC-positive and -negative groups. For continuous variables, we calculated the means and standard deviations to describe the distribution of the study population's character-istics; in this case, we used the non-parametric Kruskal-Wallis equality-of-populations rank test to evaluate differences in the frequency distribution between the AMC-positive and -negative groups.
We further calculated the sensitivity, specificity and positive and negative predictive values of the standard X-ray approach in comparison with ultrasonography for the detection of AMC. We also used κ statistics to measure the reliability between ultrasonography and X-rays in the analysis of AMC. The κ value indicates the degree of observer agreement and can range from -1 to +1. A κ value of 0 indicates a total absence of agreement among observers, while a κ value of 1 indicates a perfect agreement between observers. To measure the degree of agreement between X-ray and ultrasonography modalities in the diagnosis of AMC, we measured the level of agreement according to these criteria: κ <0.40 (poor agreement), 0.40 < κ < 0.75 (fair to good agreement), and κ >0.75 (excellent agreement).
Logistic regression models were performed to identify variables associated with the presence of AMC diagnosed with ultrasonography. The presence/absence of AMC was the dependent variable. In these models, we considered the following independent variables: diabetes, smoking habits, hypertension, age, gender, duration of dialysis, posttransplant ultrasonography timing, and the presence of AIC on the SFA.
The statistical analyses were performed using Stata 9.2 software.
Results
Upon ultrasonography investigation, 12 subjects were excluded due to diffuse AIC on the SFA, which made was it impossible to distinguish between AIC and AMC. The clinical characteristics of the remaining 93 patients according to the presence/absence of AMC detected by ultrasonography are listed in table 1 . AMC was detected on the SFA in 43 patients (46%) with ultrasonography and in 20 patients (21%) with X-ray imaging. With ultrasonography, isolated AIC was detected in 14 patients (15%), namely in 6 patients with and 8 patients without AMC, respectively. X-ray imaging was negative for AMC in 18 of the 20 patients in whom ultrasonography revealed moderate deposition ( fig. 1 ). In 18 of the 23 patients with severe AMC as detected by ultrasonography, X-ray imaging was positive ( fig. 2 ) . No patients who were found to be negative for AMC based on ultrasonography were positive when examined radiographically.
In table 2 , we report the distribution of the sensitivity, specificity, negative and positive predictive values associated with the detection of AMC using either X-ray imaging or ultrasonography. The sensitivity and specificity of X-ray imaging compared to ultrasonography for the detection of AMC on the SFA were 47 and 100%, respectively. The positive and negative predictive values of X-ray imaging for the diagnosis of AMC were 100 and 68%, respectively. The agreement between the results obtained by X-ray imaging and ultrasonography was 75.3%, while the expected agreement by chance was 52.1%. The κ value, which measures the degree of observer agreement, was 0.48; this value suggests a good agreement between X-ray imaging and ultrasonography in the diagnosis of AMC. Table 3 presents the results of logistic regression models used to evaluate factors associated with the presence of AMC (moderate and severe) detected with ultrasonography. Univariate analysis revealed a higher probability of AMC for patients who had been on dialysis for a longer period of time (p = 0.02) and for patients with diabetes (p = 0.03). We also observed a higher probability of AMC with each year of increasing age (p = 0.07). When we adjusted for other variables, only diabetes was associated with the presence of linear calcification (i.e. AMC). We did not find any association between AMC and sex, smoking, hypertension or AIC on the SFA. Considering patients affected by CKD stage IV (19 patients), AMC was absent in 13 vessels, partially present in 4 (2 diabetics) and diffuse in 2 (both diabetics) at the time of ultrasonographic examination. When excluding diabetic patients, only 2 of the 15 vessels were affected by AMC. X-ray imaging was negative in all subjects. 
Discussion
AMC on the SFA is associated with increased cardiovascular morbidity and mortality [7, 9] and medial calcifications typically affect young patients with chronic renal failure on dialysis [7, 8] and diabetics [9] . Moe et al. [10] and, more recently, Coen et al. [11] showed that in relatively young individuals, such as those undergoing a kidney transplant, coronary arterial calcifications as detected by CT are correlated with calcification in the medial layer of the proximal inferior epigastric arteries. In the study by Moe et al. on 39 patients (10 diabetics; mean age: 45 ± 13 years), 11 vessels were positive for AMC and only 1 was positive for AIC [10] . In the study by Coen et al. (44 patients, no diabetics; mean age: 48 ± 14 years), AMC was seen in 33 patients, while no patients exhibited AIC [11] . Schlieper et al. (30 patients, 1 diabetic; mean age: 49 ± 10 years) detected calcifications in the media of iliac arteries by von Kossa staining in 16 tissue samples, while intimal calcification and atherosclerotic plaques were absent [14] . Our sample population was older (mean age: 54 ± 14 years), thereby yielding a higher incidence of AIC (14 patients), which was tied in part to different vessels examined (SFA vs. epigastric artery). AMC was detected in 20 patients using X-ray imaging in comparison to 43 patients using ultrasonography (positive predictive value: 100%). Furthermore, 73 patients were found to be negative for AMC based on X-ray imaging compared to 50 patients using ultrasonography (negative predictive value: 68%). This is the first study to compare these 2 imaging techniques for the evaluation of AMC. Twelve patients with diffuse AIC were excluded from the analysis, because it was not possible to definitely exclude the co-existence of AMC. In fact, similar to X-ray imaging, ultrasonography cannot identify AMC in the presence of overlapping AIC, but this is not a limitation of the method. Gross et al. [15] demonstrated that in CKD associated with calcified plaques, there was also involvement of the underlying media layer.
Ultrasonography [12, 13] can be used to detect medial calcifications; it is the only technique that allows the physician to distinguish the different layers of the arterial wall. This finding, if confirmed by other authors, could prove ultrasonography to be an alternative method for the diagnosis of AMC. X-ray imaging only allows us to identify this lesion when the vessel is widely calcified. Multislice spiral CT and electron beam CT do not distinguish between the 2 types of calcification.
In our study, AMC observed with ultrasonography was associated with the duration of dialysis and with diabetes, as described by other authors who employed radiologic imaging [7, 9] . As previously reported [12] , SFA is an ideal blood vessel to scan because it is superficial, linear and, due to its length, offers the possibility of detecting AMC in patients with isolated intimal calcifications (14 patients in our sample group). Coll et al. [13] showed hyperechoic linear lesions at the level of the lumen-intimal surface as the most frequent ultrasonographic sign in dialysis patients. Although in our experience this type of calcification is more easily identified in the femoral intimal and media layers, we are confident regarding the potential role of ultrasonography in identifying this calcification.
It is still a matter of discussion as to whether intimal and medial calcifications should be considered as distinct entities with different pathogenesis or as a single nosological entity [16, 17] . Unlike intimal calcification, which requires the development of a pre-existing atherosclerotic plaque, a linear non-obstructive calcific deposition between the intima and media layers can develop in the absence of lipid deposits or inflammatory cells in the proximity of the lesion [10, 17] . Although AMC and AIC may occur simultaneously in the same patient, AMC can be found in the absence of AIC [7, 8] . In our study, AMC was not associated with AIC on the SFA. VC is often described in patients with renal disease before undergoing dialysis therapy [2, 4] , but so far no studies have been suitable for distinguishing AMC from AIC. Shroff et al. [18] found that the vessel calcium load was significantly elevated in 34 children with chronic renal failure (10 pre-dialysis and 24 dialysis patients) in comparison to controls, but calcifications in the media and along the internal elastic lamina were detectable by von Kossa staining only in dialysis patients. Our data confirm, as discussed by Shroff et al. [18] , that AMC is not frequent in pre-dialysis patients (excluding diabetic patients).
Calcium-sensing receptor and vitamin D receptor have been identified in vascular smooth muscle cells [19, 20] . Considering the essential role of vascular smooth muscle cells in the pathogenesis of AMC, it could be important to identify, in an early stage, patients who develop this shape of arterial calcification in order to start drugs such as cinacalcet [21] or paricalcitol [22] .
This study has several limitations. First, there is the small sample size and the crosssectional nature of the study. Second, there is the lack of a histological verification of the location and composition of calcification in the vessels evaluated by ultrasonography and radiology. Third, there is the lack of data on mineral metabolism and treatment. Fourth, ultrasonography is not a fully validated method for the diagnosis of AMC.
Despite all limitations, this study supports some important findings. First, ultrasonography is able to detect not only AIC, but also AMC. Second, X-ray imaging cannot recognize AMC as done by ultrasonography, and therefore AMC in CKD is more common than expected. AMC is the main VC that affects young people with chronic renal failure, and ultrasonography can be used to detect it earlier than X-ray imaging, which will aid in the treatment of high-risk patients.
